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An NTSC bandwidth-compatible HDTV system employs 
multiple quadrature amplitude modulation (QAM). A first sup- 
pressed QAM carrier is modulated (14) with high priority informa- 
tion including predominantly low frequency information. A second 
suppressed QAM carrier is modulated (34) with low priority infor- 
mation including predominantly high frequency information. The 
high priority QAM signal exhibits a larger amplitude and narrower 
bandwidth than the low priority QAM signal, and is disposed in the 
lower portion of the multiple QAM frequency spectrum normally 
occupied by the vestigial sideband of a standard NTSC television 
signal. The frequency spectrum of the multiple QAM signal (18, 20) 
exhibits signal attenuation at frequencies associated with high ener- 
gy information in a standard NTSC signal, e.g., frequencies around 
the NTSC picture and sound carriers. 
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MODULATOR/DEMODULATOR FOR COMPATIBLE 
HIGH DEFINITION* TELEVISION SYSTEM 

This invention concerns a high definition television 
system compatible with the bandwidth of a pre-existing standard - 
definition television channel. In particular, this invention 
concerns a modulation technique for reducing mutual interference 
between simulcast high definition television signals and standard 
definition television signals. 



A high definition television (HDTV) system is generally 
understood to be a system for processing a television signal 
having approximately double the horizontal and vertical image 
resolution of a standard television signal, e.g., NTSC, or greater 

1 5 resolution. An HDTV signal also may exhibit a greater image 

aspect ratio, e.g., 16x9, compared to the 4x3 aspect ratio of a 
standard NTSC television image. 

* In a simulcast television broadcast system, two 

2 0 versions of the same program material are broadcast 

simultaneously via separate standard 6 MHz channels. One of the 
two program versions contains standard definition NTSC 
information broadcast on one channel, while the other contains 
high definition information broadcast on the other 6 MHz channel. 

2 5 In practice, a simulcast system may utilize two adjacent 6 MHz 

NTSC channels, e.g., VHF channels 3 and 4, to convey the standard 
and HDTV information respectively. The high definition version of 
a simulcast system can be implemented in a single 6 MHz channel 
by the use of signal encoding and time compression techniques. 

3 0 The standard NTSC information and the HDTV information are 

received independently by respective standard NTSC and HDTV 
receivers. When standard NTSC receivers are eventually replaced 
by HDTV or dual-standard receivers, perhaps in 15-20- years, the 
channels used by standard NTSC television signals will become 
3 5 available for other purposes. Thus the simulcast concept prevents 
the vast number of pre-existing standard NTSC receivers from 
becoming obsolete as soon as HDTV broadcasting is introduced, 
and permits expanded broadcasting services in the ' future when 
the channels occupied by standard NTSC signals become available. 
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A simulcast system differs from a so-called 
augmentation system in that an augmentation system requires the 
continuing use of two channels. One channel conveys standard 
NTSC information, while the other channel contains predetermined 
5 augmentation information which, when combined at an HDTV 
receiver with the standard NTSC information from the first 
channel, produces a high definition television signal. 

It is important to significantly reduce or eliminate co- 
1 0 channel interference between the standard and HDTV signals 
transmitted from different locations on the same channel. A 
system according to the present invention addresses this matter. 

In accordance with an aspect of the present invention, j 

15 high definition television information to be transmitted is divided | 

into two information portions, e.g. high priority information which 1 

is intended to be received with high reliability, and low priority j 
information. The first (high priority) information portion and the 
second (low priority) information portion are conveyed as 

2 0 separate modulated carrier signals within different portions of a j 

frequency spectrum which exhibits signal attenuation at 
frequencies associated with high energy information of a standard 
definition (e.g., NTSC) signal. | 

I 

. - i 

25 In a disclosed preferred embodiment of the invention, j 

the high priority information exhibits a narrow bandwidth 1 
relative to the low ■ priority information, and illustratively includes 
low frequency video, audio and synchronizing information. The 
low priority information includes high frequency video 

3 0 information. The high priority and low priority information are 

conveyed by means of a multiple quadrature amplitude j 
modulation (QAM) technique. The high priority narrowband j 
information exhibits a significantly larger amplitude than the low j 
priority wideband information, and quadrature amplitude 
3 5 modulates a first suppressed carrier in the lower frequency 

portion of the video frequency spectrum. The modulated first 
carrier is subject to being attenuated significantly by a Nyquist 
slope filter in a standard television receiver. The low priority 
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wideband information quadrature amplitude modulates a second 
suppressed carrier in the video frequency spectrum, producing a 
multiple QAM signal. The frequency spectrum of the multiple 
QAM signal exhibits signal attenuation at frequencies associated 
with high energy information in the vicinity of NTSC picture and 
sound carriers. 

Brief Descripti on of rh* Drawinp 
FIGURE 1 depicts the baseband video frequency 
10 spectrum of a standard NTSC television, signal. 

FIGURE 2 depicts the video frequency spectrum of a 
multiple QAM high definition television signal according to the 
present invention. 

FIGURES 3 and 4 respectively illustrate transmitter 
and receiver apparatus for processing a high definition multiple 
QAM signal according to the present invention. 

FIGURE 5 is a diagram helpful in understanding a 
signal processing aspect of the disclosed system. 

FIGURE 1 illustrates the baseband video frequency 
spectrum of a standard NTSC television signal, which occupies a 6 
MHz channel. In accordance with conventional practice, the 
indicated frequencies are referenced to 0.0 MHz, about which an 
RF picture carrier is amplitude modulated with video information 
in vestigial sideband form. The modulated signal exhibits a lower 
vestigial .sideband (VSB) with a 1.25 MHz bandwidth, and an 
upper sideband containing image representative luminance and 
chrominance information. The chrominance information 
quadrature modulates a 3.58 MHz suppressed color subcarrier. 
Most of the high energy information appears in the vicinity of the 
picture carrier frequency and in the vicinity of the frequency 
modulated 4.5 MHz sound carrier frequency. 

FIGURE 2 illustrates the video frequency spectrum of a 
high definition television signal which is compatible with the 6 
MHz bandwidth of a standard NTSC television signal channel, and 
•which can be used as a simulcast signal. To facilitate comparison 
with the standard NTSC video frequency spectrum shown in 
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FIGURE 1, the frequencies along the frequency scale of FIGURE o r 
1.25 MHz to 4.5 MHz) are referenced to the 0.0 MHz frequency" 
location of the RF picture carrier in an NTSC system. 

The HDTV television signal is a time compressed signal 
divided into high and low priority information components In 
this example audio, synchronizing and low frequency video 
information components which are intended to be received with 
high reliability are assigned a high priority. The synchronizing 
information, for example, may be in the nature of a training signal 
containing a unique signature or code to facilitate signal recovery 
and processing at a receiver, and illustratively may include field 
rate scanning information (e.g., start of field markers). Other less 
critical components, such as high frequency video information, are 
assigned a lower priority. The high priority information exhibits a 
narrow bandwidth relative to the low priority information, and 
quadrature amplitude modulates (QAM) a 0.96 MHz first 
suppressed, carrier referenced to a signal REF as discussed below." 
The low priority information quadrature amplitude modulates a 
3.84 MHz second suppressed carrier which is also referenced to 
signal REF. A resulting composite signal is a form of a multiple 
QAM signal, i.e., a "twin" QAM signal in this instance. The 
composite twin QAM signal is translated into the 6 MHz standard 
television band by means of out-of-band reference signal REF. 
The frequency of signal REF is chosen so that when signal REF is 
modulated by the composite QAM signal, one of the resulting sum 
or difference components falls within the band of frequencies 
associated with a desired radio frequency television channel, such 
as simulcast VHF channel 3. Signal REF is modulated by the 
composite twin QAM signal to produce a double sideband 
modulated signal, the lower sideband of which is rejected and the 
upper sideband of which is retained as illustrated by FIGURE 2. 

The amplitude of the narrowband QAM component is 
significantly greater than that of the wideband QAM component, 
twice as large in this example. The -6 db bandwidth of the 
narrowband QAM component is 0.96 MHz, and the -6 db 
bandwidth of the wideband QAM component is 3.84 MHz which is 
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four times the bandwidth of the narrowband QAM component. 
The nonlinear band edge transition regions of the narrowband and 
wideband QAM components are shaped by finite impulse response 
(FIR) filters with a square root of a raised cosine characteristic, to 
produce smooth transition regions which avoid unwanted high 
frequency effects produced by sharp transition regions. The 
amplitude-versus-frequency response of the wideband 
component in the band edge transition regions (not drawn to 
scale) has one quarter the slope of the steeper narrowband 
component. 



The narrowband and wideband QAM components each 
contain an in-phase component "I" and a quadrature-phase 
component "Q". As will be discussed in connection with FIGURE 3, 
the I-phase component modulates a suppressed cosine carrier, 
and the Q-phase component modulates a suppressed sine carrier. 
A data "symbol" is represented by both the I component and the Q 
component. The composite QAM signal is a "16 QAM" signal in this 
example. Each 16 QAM I and Q component exhibits four discrete 
amplitude levels, resulting in a total of 4x4 or 16 possible 
amplitude levels, or values, for each of the narrowband and 
wideband QAM signals, hence "16" QAM. Two bits are needed to 
specify the four levels of each I and Q component, whereby each 
data symbol requires four bits to specify the sixteen levels for an 
I, Q combination. Thus the bit rate of the 3.84 MHz (-6 db) 
wideband QAM signal is 15.36 Mbps (3.84 MHz x 4 bits), and the 
bit rate of the 0.96 MHz (-6 db) narrowband QAM signal is 3.84 
Mbps (0.96 MHz x 4 bits). In a 64 QAM system, the bit rates of 
the narrowband and wideband components would increase by a 
factor of 1.5. 

The described multiple (twin) QAM system exhibits 
significant co-channel immunity from interference associated with 
a standard NTSC television signal, i.e., an NTSC signal transmitted 
from a different location in the same channel as the twin QAM 
signal. This is due to attenuating notches in the QAM spectrum in 
the vicinity of the NTSC RF picture carrier and the NTSC sound 
carrier, which are associated with high energy information. 
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Conversely, co-channel interference from the twin QAM signal into 
an NTSC signal is significantly reduced because the large 
amplitude narrowband QAM signal will be significantly attenuated 
by a Nyquist slope filter in a standard NTSC television receiver. 
5 In FIGURE 2 the Nyquist slope filter response in a standard NTSC 
receiver is indicated .by a dotted line superimposed on the low 
band portion of the QAM spectrum from -0.75 MHz to 0.75 MHz. 
It has been observed that the 6 db greater amplitude of the 
narrowband QAM signal relative to the wideband QAM signal, i.e., 
1 0 exhibiting four times the power of the wideband QAM signal, 

produces about the same amount of tolerably small interference 
as" the lower power wideband QAM signal. The combination of the 
6 db greater amplitude of the narrowband QAM component and 
its one-quarter bandwidth relative to the wideband QAM 

1 5 component results in a power density 12 db greater than that of 

the wideband QAM component. The illustrated high priority 
narrowband QAM signal therefore exhibits a 12 db signal-to-noise 
improvement and lower error rate relative to the low priority 
wideband QAM signal. The relative bandwidths and amplitudes of 

2 0 the wideband and narrowband QAM signals can be tailored to suit 

the requirements of a particular system including NTSC and PAL 
television systems. 

The large peak amplitude narrowband component 

2 5 contains video information sufficient to produce a displayed image 

with definition approximating that of a standard definition 
television image. Thus a viewer should not be overly disturbed if, 
for example, the high definition transmission is momentarily 
disrupted by aircraft flutter. That is, if the low power wideband 

3 0 component containing the high definition information is disrupted 

momentarily, the high power narrowband component may be 
unaffected whereby a lower definition but acceptable image is 
displayed momentarily. 

3 5 The bit rates of the wideband and narrowband QAM 

signals, 15.36 Mbps and 3.84 Mbps respectively, given by way of 
an example of possible alternatives, advantageously • exhibit a 4:1 
integer relationship. This relationship simplifies recovering the 
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narrowband and wideband QAM 
the same derived data clock can 
data recovery operation of both 
data clock rates for the receiver 
5 from the readily recovered high 
as will be discussed. 



information at a receiver, since 
readily be used for timing the 
QAM components. The required 
system can be easily derived 
power narrowband QAM signal, 



FIGURE 3 shows television transmitter apparatus for 
developing a twin QAM signal having the amplitude-versus- 
1 0 frequency spectrum shown in FIGURE 2. High priority and low 
priority HDTV data are provided from sources 10 and 30 in time 
compressed digital form to be compatible with the 6 MHz 
bandwidth of a standard NTSC channel. For this purpose sources 
10 and 30 contain digital time compression and encoding 

1 5 apparatus including Huffman coding, run-length coding, 

quantizing and discrete cosine transformation networks, for 
example. 

The output signal from source 10 is applied to an 

2 0 encoder 12, which acts as a bit-mapper for the continuous bit 

stream signal received from source 10. Encoder 12 splits the 
signal from source 10 into sequential 4-bit (symbol) segments. 
One 16-value, 4-bit segment is mapped into a four quadrant grid- 
like signal constellation using a look-up table, with four 4-bit 

2 5 values occupying assigned areas in each quadrant, as is known. 

FIGURE 5 illustrates such a bit assignment for a 16-bit QAM signal 
constellation with respect to a four quadrant grid with real (I) 
and imaginary (Q) axes. This mapped bit segment appears at I 
and Q outputs of encoder 12 (e.g., the first two bits appear at the I 

3 0 output and the next two bits appear at the Q output). The next 

16-value, 4-bit segment is similarly mapped. To allow a receiver 
to be insensitive to a phase rotation of the received signal 
constellation, a form of differential encoding is used at the 
transmitter whereby the first two bits of each four bit segment 
3 5 define the constellation quadrant in which the four bit segment is 
located, and the last two bits define the particular point within the 
quadrant. Encoder 32 operates in the same manner with respect 
to signals received from low priority, data source 30. 
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The output signals from encoders 12 and 32 are 
applied to respective QAM modulators 14 and 34 of conventional 
design. A narrowband QAM output signal from modulator 14 is 
5 converted to analog form by a digital-to-analog converter 15 

before being applied .to an input of an additive combiner 18 via a 
1.5 MHz horizontal low pass filter 16,. Filter 16 removes 
unwanted high frequency components including harmonics 
produced by prior digital processing and digital-to-analog 
0 conversion circuits in the narrowband path. A wideband QAM' 
output signal from modulator 34 is converted to analog form by a 
digital-to-analog convener 35 before being applied to another 
input of combiner 18 via a 6.0 MHz horizontal low pass filter 36 
and an attenuator 38. Filter 36 serves essentially the same 
5 purpose as filter 16. Attenuator 38 scales the amplitude of the 
wideband QAM component so that it is -6 db less than the 
amplitude of the high priority narrowband QAM component as 
illustrated in FIGURE 2. A composite twin QAM signal is produced 
at the output of combiner 18. This twin QAM signal is multiplied 
by a reference signal REF in a modulator (mixer) 20 to produce 
signal REF double sideband modulated with upper and lower twin 
QAM sidebands at the output of modulator 20. A 6 MHz TV 
channel bandpass filter 22 rejects the lower sideband, but retains 
the upper sideband (FIGURE 2) for transmission via apparatus 
including an antenna 25. 



QAM modulator 14 contains identical square root 
raised cosine, finite impulse response (FIR) digital filters 41 and 
42 which receive the I and Q output signals from encoder 12, 
respectively. Filter 41 is located in a nominal in-phase path and is 
designated as an "I" phase filter, whereas filter 42 is located in a 
nominal quadrature-phase path and is designated as a "Q" phase 
filter. Filters 41 and 42 shape the nonlinear band edge transition 
regions of the narrowband and wideband QAM components as 
discussed in connection with FIGURE 2. 

Output signals from filters 41 and 42 are respectively 
modulated in multipliers 44 and 45 with COSINE and SINE 
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reference signals. These signals are provided from a source 46, 
e.g., including a look-up table which produces sine and cosine 
values at four 90° intervals per period, namely, 90°, 180°, 270° 
and 360°. The SINE and COSINE reference signals correspond to 
5 the narrowband QAM suppressed quadrature carrier at a 

frequency of 0.96 MHz, i.e., 3.84 Mbps/4. Quadrature phased 
modulated output signals from multipliers 44 and 45 are 
combined by an adder 48 to produce the high priority 
narrowband QAM signal. Wideband QAM modulator 34 is 
10 structurally and operationally similar to modulator 14, except that 
the frequency of the associated SINE and COSINE quadrature 
carrier signals is 3.84 MHz. 

The system shown in FIGURE 3 employs 2's 

1 5 complement 8-bit digital signal processing. Digital data clock 

signals are provided by frequency synthesizers 52 and 54 in 
response to a master clock signal developed by a system clock 
generator 55. A 15.36 MHz clock signal CLK from synthesizer 52 
acts as the data clock for data source 30, encoder 32 and 

2 0 wideband QAM modulator 34. Clock CLK also serves as the data 

clock for data source 10, encoder 12 and narrowband QAM 
modulator 14 after being frequency divided to 3.84 MHz by a 
divide-by-four frequency divider 58, since the data rate of the 
narrowband data (3.84 Mbps) is one-quarter that of the wideband 

2 5 data (15.36 Mbps). Synthesizer 54 provides reference signal REF 

for translating the composite twin QAM signal to the television 
frequency band via mixer 20. 

The narrowband and wideband QAM carriers need not 

3 0 be suppressed, although the use of suppressed carriers provides 

power savings and avoids certain types of interference in a 
displayed image. Small amplitude non-suppressed carriers may 
be used to provide improved symbol rate clock recovery. 
Modulated QAM carriers with unsymmetrical sidebands are also 
3 5 possible. 
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In the receiver apparatus of FIGURE 4, a broadcast 
twin QAM signal received by an antenna 110 is applied to a mixer 
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112 together with a reference signal REF nominally at the 
frequency of signal REF used at the transmitter. An output signal 
from mixer 112 inqludes sum and difference components. The 
higher 'frequency sum component is rejected by a low pass filter 
5 114, which passes the difference" component to an analog to digital 
converter 116. The passed difference component exhibits the 
composite modulation frequency spectrum shown in FIGURE 2, 
with the narrowband QAM modulation spectrum centered about 
0.96 MHz and the wideband QAM modulation spectrum centered 
1 0 about 3.84 MHz. 

The digital sampled output signal from unit 116 is 
applied to a demodulator 118 which, together with succeeding 
elements 120, 122, 124, 126 and 128 forms a narrowband QAM 

15 signal processor. Demodulator 118 includes a plurality of input 
FIR filters for selectively passing the narrowband QAM 
component, while rejecting the wideband QAM component. 
Specifically, narrowband QAM demodulator 118 includes a filter 
having an amplitude versus frequency response characteristic 

2 0 which substantially conforms to the shape of the amplitude versus 
frequency characteristic of the modulated narrowband QAM 
component as shown in FIGURE 2. A demodulator 119 in a 
wideband QAM signal processing network including elements 119, 
121, 123, 125, 127 and 129 selectively passes the wideband QAM 

2 5 component while rejecting the narrowband QAM component. 

Wideband QAM demodulator 119 includes a filter having a 
response which substantially conforms to the shape of the 
amplitude versus frequency characteristic of the modulated 
wideband QAM component, as shown in FIGURE 2. Thus the 

3 0 receiver system exhibits signal attenuating notches at frequencies 

associated with high energy information in a standard definition 
television signal. The elements of the wideband QAM processor 
are similar to the correspondingly labeled elements of the 
narrowband processor which will be discussed below, except that 
3 5 the characteristics of ' demodulators 118 and 119 differ as 
mentioned above. Demodulators 118 and 119 perform the 
inverse of the operation performed by modulators 14 and 34 at 
the transmitter (FIGURE 3). 
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Adaptive equalizer 120, of conventional design, 
receives the demodulated quadrature phased I and Q components 
from demodulator 118. Equalizer 120 employs an adaptive digital 
5 FIR filter to compensate for amplitude and phase irregularities, 
e.g., including ghosts, caused by the transmission channel. 
Equalized I and Q output signals from unit 120 are applied to an 
estimator network 126 which produces output I, Q components 
which represent a most likely estimate of the values of I and Q 

1 0 components as transmitted. For example, the values of the I and 

Q components at the output of estimator 126 have been adjusted 
as needed to compensate for the distorting effect of noise acquired 
in the course of transmission. Estimator 126 essentially performs 
an interpretive function of assigning values to samples which, due 
15 to effects such as noise, do not fit exactly into assigned locations in 
the 16-point four quadrant signal constellation. Output signals 
from estimator 126 are applied to a decoder 122, which 
essentially . exhibits the inverse of the mapping operation 
performed by the encoder at the transmitter. Look-up tables are 

2 0 employed to "unmap" the four quadrant signal constellation into 

the sequential four-bit (symbol) segments, in binary digit form, 
which existed at the transmitter before being encoded at the 
transmitter by unit 12 (FIGURE 3). 

2 5 An error detector 124 monitors the I, Q input and 

output signals of estimator 126 for producing an output signal 
with a magnitude proportional to the phase error between the I, Q 
input and output signals of estimator 126. The phase error can be 
due to noise effects, in which case the phase error would be 

3 0 random in nature. The phase error also can be due to the 

frequency of signal REF not being substantially equal to the 
frequency of corresponding signal REF used at the transmitter, in 
which case the phase error would not be random in nature. An 
output ERROR signal from error detector 124 ultimately is used to 
3 5 compensate for the frequency of signal REF deviating from a 

desired value, i.e., the value of the frequency of corresponding 
signal REF at the transmitter. 
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Specifically, the ERROR signal is applied to a voltage 
controlled oscillator (VCO) network 128. which also includes a low 
pass filter, for modifying the values of quadrature phased sine 
and: cosine reference signals applied to quadrature demodulator 
5 118. The modified sine and cosine reference signals alter the 
demodulation process, until the magnitude of the error 
representative output signal from detector 124 indicates that any 
deviation of the frequency of signal REF from a desired value has 
been compensated for. The low pass filter associated with unit 
0 128 filters the ERROR signal so that the values of the reference 
signals from VCO 128 and thereby the operation of demodulator 
118 are modified in response to errors of a non-random nature, 
such as the described frequency deviation, and are unaffected by 
random effects such as noise. The control loop including units 
5 119, 121, 127, 123 and 129 of the wideband QAM processor 

operate in the same fashion as units 118, 120, 126, 124 and 128 
of the narrowband QAM processor discussed above. Additional 
information concerning the operation of a control loop of the type 
including estimator 126, detector 124, VCO 128 and demodulator 
> 118 can be found in the text "Digital Communication", Lee and 
Messerschmitt, (Kluwer Academic Publishers, Boston, MA USA 
1988). 

A direct digital frequency synthesizer 126 produces a 
clock signal CLK in response to a master clock signal from a 
system clock generator 130, which also provides a clock signal to a 
frequency synthesizer 135 for developing mixer reference signal 
REF. The frequency of signal REF nominally corresponds to that of 
signal REF used at the transmitter. Any deviation of the 
frequency of signal REF from a desired frequency is compensated 
for as described above. Signal CLK from source 126 is the clock 
signal for elements 119, 121, 125 and 127 of the wideband 
processor. The narrowband processor processes a signal with a 
bandwidth which is' one-fourth that of the wideband signal. 
Hence, the narrowband processor elements respond to a clock 
signal CLK/4 with a frequency one-fourth that of signal CLK, as 
provided by a frequency divider 136. 
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The frequency of clock signal CLK at the receiver 
corresponds to the frequency of clock signal CLK employed at the 
transmitter (FIGURE 3). Establishing the proper receiver clock 
frequency is facilitated by ^deriving the receiver clock signal from 
5 information contained in the more reliably received high power 
narrowband QAM component. Specifically, the composite QAM 
signal from the output of LPF 114 is applied to a nonlinear signal 
generator 133, e.g., a power of N generator where N may be 2 or 
4. Unit 133 produces a single frequency component at the symbol 
1 0 rate of the narrowband QAM component. In this case the symbol 
rate is 0.96 MHz, one-quarter of the bit rate. Unit 133 also 
produces a highly attenuated output at the symbol rate of the low 
power wideband QAM component, which output is ignored by 
subsequent signal processing units. 

1 5 

A phase detector 137 responds to the 0.96 MHz output 
component from unit 133, and forms a phase locked loop together 
with a low-pass filter 138, synthesizer 126 and a divide-by-16 
frequency divider 139. Filter 138 removes spurious frequencies 

2 0 including noise produced by the operation of nonlinear signal 

generator 133. Frequency divider 139 receives a 15.36 MHz 
signal from synthesizer 126 and provides a 0.96 MHz output 
signal to a control input of phase detector 137. Synthesizer 126 
includes a register which accumulates phase increments 

2 5 determined by the signal applied to a control input of unit 126 

from filter 138, at a rate determined by the frequency of the 
signal from clock generator 130. The accumulated phase value 
addresses a ROM containing sinusoidal values which synthesize 
the output signal from unit 126. The function of unit 126 can be 

3 0 implemented by integrated circuit type Q2334 commercially 

available from Qualcomm Corporation of San Diego, California. 

A signal processor 140 combines the demodulated 
high priority data signal from decoder 122 the demodulated low 
3 5 priority data signal from decoder 125. Processor 140 may include 
data decompression networks such as Huffman decoders and 
inverse quantizers, error correcting networks, and • 
de-multiplexing and signal combining networks for providing 
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sepaxate audio and video television signal components. The audio 
component is processed by an audio signal processor 142 before 
being applied to a sound reproducing device 146. The video 
component is processed by a unit 144 to produce an image 
representative signal which is applied to an image display device 
148. 
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CLAIMS: 

1. A system for processing a high definition television 
signal providing greater image definition than a standard 
definition television signal, comprising: 

means (12,14) for modulating a first carrier with first 
television signal information to produce a modulated first carrier; 

means (32,34) for modulating a second carrier with 
second television signal information to produce a modulated 
second carrier; and 

means (18,20,22) for combining said modulated first 
and second carriers to produce a composite modulated signal 
containing high definition television information, said composite 
signal exhibiting a bandwidth compatible with the bandwidth of a 
standard definition television signal channel, and having a 
modulation frequency spectrum exhibiting signal attenuation at 
frequencies associated with high energy information in said 
standard definition television signal. 

2. A system according to Claim 1, wherein 

said first carrier is quadrature amplitude modulated 
by quadrature phased versions of said first information; and 

said second carrier is quadrature amplitude modulated 
by quadrature phased versions of said second information. 

3. A system according to Claim 1, wherein 

said first information exhibits a narrow bandwidth 
relative to said second information. 



4. A- system according to Claim 1, wherein 
said first information exhibits a large amplitude 
relative to said second information. 
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5. A system according to Claim 1, wherein 

said modulated: first carrier is disposed in a lower 
portion of the frequency spectrum of said composite modulated 
signal, separated from said modulated second carrier by a band of 
amplitude attenuated frequencies associated with high energy 
information in said standard definition television signal. 

6. A system according to Claim 1, wherein 

said attenuated frequencies are associated with high 
energy information modulating a picture carrier of said standard 
definition television signal. 

7. A system according to Claim 6, wherein 

said composite modulated signal additionally exhibits 
attenuation at frequencies associated with high energy 
information modulating a sound carrier of said standard definition 
television signal. 

8. A system according to Claim 1, wherein 

said first information is high priority information 
relative to said second information. 

9. A system according to Claim 8, wherein 

said first information comprises video information 
including primarily low frequency video information, and 

said second information includes high frequency video 
information. 

10. A system according to Claim 9, wherein 

said first information additionally includes audio and 
synchronizing information. 



11. A system according to Claim 1, wherein 
said first information and said second information are 
compressed digital information. 
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12. In a system for receiving a high definition 
television signal comprising a composite modulated signal 
including a first carrier modulated with first information and: a 
second carrier modulated with second information, said first ' and 
second modulated carriers being separated by a band exhibiting 
signal attenuation at . frequencies associated with high energy 
information in a standard definition television signal, said 
composite modulated signal having a bandwidth compatible with 
the bandwidth of a standard definition television signal channel, 
apparatus exhibiting signal attenuation at said frequencies 
associated with high energy information in a standard definition 
television signal and comprising: 

means (114,116) responsive to said composite 
modulated signal for separating said modulated first carrier and 
said modulated second carrier; 

first signal processing means (120-128; 121-129) 
including means (11 8; 119) for demodulating said modulated first 
and second carriers to recover said first and second information; 
and 

second signal processing means (140,144) responsive 
to recovered first and second information from said demodulating 
means for developing an image representative output signal. 

13. Apparatus according to Claim 12, wherein 
said demodulating means quadrature amplitude 

demodulates said modulated first carrier, and quadrature 
amplitude demodulates said modulated second carrier. 

14. Apparatus according to Claim 12 wherein 
said recovered first information exhibits a narrow 

bandwidth relative to said recovered second information. 



i 
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15. Apparatus according to Claim 12, wherein 
said recovered first information occupies a lower 

portion of the frequency spectrum of said composite modulated 
signal; and 

said recovered second information occupies an upper 
portion of said frequency spectrum of said composite modulated 
signal. 

16. Apparatus according to Claim 12 and further 

comprising 

means for decompressing said first and second 
information. 

17. Apparatus according to Claim 12, wherein 
said recovered first information comprises video 

information including primarily low frequency video information; 
and 

said recovered second information includes high 
frequency video information. 

18. Apparatus according to Claim 12 and further 

including 

clock signal generating means responsive to a signal 
derived from said first information for producing a first clock 
signal. 

19. Apparatus according to Claim 18 wherein 

said clock signal generating means includes means for 
deriving a second clock signal from said first clock signal. 
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20. A system for processing a high definition 
television signal providing greater image definition than a 
standard definition television signal, comprising: 

means (12,14) for modulating a first carrier with first 
television signal information, comprising predominantly low- 
frequency information, to produce a modulated first carrier; 

means (32,34) for modulating a second carrier with 
second television signal information to produce a modulated 
second carrier; and 

means (18,20,22) for combining said modulated first 
and second carriers to produce a modulation frequency spectrum 
having a lower band portion containing said modulated first 
carrier and an upper band portion containing said modulated 
second carrier. 



21. In a system for receiving a high definition 
television signal comprising a composite modulated signal 
including a first carrier modulated with first television signal 
information comprising predominantly low frequency information 
occupying a lower band portion of the frequency spectrum of said 
composite modulated signal, and a second carrier modulated with 
second television signal information occupying an upper band 
portion of said frequency spectrum of said composite signal, 
apparatus comprising 

input means (112) responsive to said television signal 
for producing said composite modulated signal at baseband 
frequencies; 

first signal processing means (1 1 6; 120-1 28; 12 1 -129) 
responsive to said baseband composite modulated signal and 
including means (118,119) for demodulating said modulated first 
and second carriers to recover said first information and said 
second information; and 

second signal processing means (140,144) responsive 
to recovered first and second information from said demodulating 
means for developing an image representative output signal. 
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22. Apparatus according to Claim 21, wherein 
said recovered first information exhibits a narrow 

bandwidth relative to said recovered second information and 
contains low frequency video information substantially exclusive 
of high frequency video information. 

23. A system for processing a high definition 
television signal providing greater image definition than a 
standard television signal, comprising: 

means (12,14) for modulating a first carrier with first 
television signal information to produce a modulated first carrier; 

means (32,34) for modulating a second carrier with 
second television signal information to produce a modulated 
second carrier; and 

means (18,20,22) for combining said modulated first 
and second carriers to produce a modulation frequency spectrum, 
having a lower band portion containing said modulated first 
carrier and an upper band portion containing said modulated 
second carrier, wherein 

said modulated first carrier is subject to being 
significantly attenuated by a Nyquist slope filter of a standard 
definition television receiver. 



24. In a system for receiving a high definition 
television signal comprising a composite modulated signal 
including a first carrier modulated with first information and a 
second carrier modulated with second information, said 
modulated second carrier occupying an upper band portion 
frequency spectrum of said composite modulated signal and said 
modulated first carrier being disposed in a lower band portion of 
said frequency spectrum so that said modulated first carrier is 
subject to being significantly attenuated by a Nyquist slope filter 
of a standard definition television receiver, apparatus comprising: 

input means (112) responsive to said television signal 
for producing said composite modulated signal at baseband 
frequencies; 
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first signal processing means (1 1 6; 120- 1 28; 121 -1 29) 
responsive to said baseband composite modulated signal and 
including means (118;119) for demodulating said modulated first 
and second carriers to recover said first information and said 
second information; and 

second signal processing means (140,144) responsive 
to recovered first and second information from said demodulating 
means for developing an image representative output signal. 

25. A system for encoding an HDTV signal, comprising: 

a source of compressed first digital data (10) and 
compressed second digital data (30) representative of HDTV image 
data, said first data having a higher priority than said second data; 

means (12, 14;32,34) responsive to said first and 
second digital data for providing first and second suppressed 
carrier QAM signals containing said first and second digital data 
respectively, said first QAM signal having a peak amplitude 
greater than that of said second QAM signal and having a 
bandwidth less than that of said second QAM signal; and 

means (20,22), including means (18) for combining 
said first and second QAM signals, for providing a signal occupying 
a standard television signal channel, wherein said first and second 
QAM signals occupy substantially mutually exclusive spectral 
bands in said channel, said spectral bands being located in 
frequency bands normally occupied by the vestigial sideband and 
the upper sideband of a standard television signal respectively. 
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26. A receiver system for processing an HDTV signal 
comprising first and second suppressed carrier QAM signals 
occupying mutually exclusive spectral bands in a standard 
television signal channel, said first QAM signal (a) being located in 
a frequency band normally occupied by the vestigial sideband of a 
standard television signal, (b) containing compressed digital data 
with a high priority relative to compressed digital data contained 
by said second QAM signal, (c) having a peak amplitude greater 
than that of said second QAM signal, and (d) having a bandwidth 
less than that of said second QAM signal, said second QAM signal 
being located in a frequency band of said standard television 
channel normally occupied by the upper sideband of said 
standard television signal; said system comprising: 

means (118,119) for demodulating said first and 
second QAM signals to recover associated compressed digital data; 

means (140) for decompressing said recovered digital 

data; and 

means (144) responsive to said decompressed 
recovered digital data for developing an image representative 
signal. 

27. A system for encoding a high definition television 
(HDTV) signal, comprising: 

a source of compressed first digital data (10) and 
compressed second digital data (30) representative of HDTV image 
data; 

means (12, 14;32,34) for providing first and second 
signals modulated by said first and second digital data 
respectively; and 

means (18,20,22) for combining said first and second 
modulated signals for providing a signal occupying a standard 
television signal channel, said first and second modulated signals 
occupying substantially mutually exclusive spectral bands in said 
channel respectively; wherein 
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said first and second modulated signals occupy lower 
and upper spectral bands in said channel respectively 

saxd first modulated signal exhibits an amplitude 
greater than that of said second modulated signal- and 

sufficient tn Said *T m0dulU ° d ^ l c °™™ video information 
sufficient to reproduce a viewable lower definition image 

independent of video information associated with said second 
modulated signal. 



• . r 8 ; A SyStem for receiving a high definition television 

signal containing a first signal modulated with audio and video 
information and a second signal modulated with video information 
occupying substantially mutually exclusive lower and upper 
spectral bands within a standard television channel respectively 
"id first modulated signal containing video and audio information 
sufficient to produce a viewable lower definition image 
independent of information associated with said second 
modulated . signal; said system comprising 

means (118,119) for demodulating said first and 
second modulated signals to recover associated audio and video 
information; 

means (140) for combining recovered video 
information associated with said first modulated signal with 
recovered video information associated with said second 
modulated signal for producing a combined video signal; 

video signal processing means (144) responsive to said 
combined video signal for producing an image representative 
signal; and 

audio signal processing means (142) responsive to 
recovered audio information associated with said first modulated 
signal. 

29. A system according to Claim 28, and further 

including 

clock signal generating means (126) responsive to a 
signal derived from said first modulated signal. 



1/4 




VSB 



PICTURE 
CARRIER 

t 



FIG. 1 



UPPER 
SIDEBAND 



SOUND 

™, ™ CARRIER 
COLOR | 



SUBCARRIER 




-1.25 -.075 



0.0 



-6MHz TV CHANNEL- 



3.58 



MHz 



FIG. 2 



REF 



SUPPRESSED 
NARROWBAND 
QAM CARRIER 



SUPPRESSED 

WIDEBAND 
QAM CARRIER 



-6dB 




NTSC 
PICTURE 

CARRIER NYQUIST 
NOTCH SLOPE AT 
NTSC 
RECEIVER 




-6dB 



15.36Mbpj|16QAM 



■1.11 I -0.63 I 0.0 I 0.75 
-1.25 -0.75 -0.15 0.33 



NTSC 
SOUND 
CARRIER 
NOTCH 



2.25 



4.17 4.5 MHz 



-0.96MH2 



-3.84MHz- 



-6MHz TV CHANNEL- 



j , ! . ; ■ It ^ t 



% WO 92/14343 




PCT/US9 1/09823 



2/4 



14 — 4" 



10 



SOURCE 
OF HIGH 
PRIORITY 
DATA 



ENCODER 



T PHASE 
FILTER 



41 



44 



46" 



Q __42~N 



COSINE 



SINE/COS 
LOOK-UP 



"Q" PHASE 
FILTER 



SINE 



NARROWBAND 
QAM SIGNAL 



48 



45 



+ 4 



58 



52 



FREQUENCY 
SYNTHESIZER 



SYSTEM 
CLOCK 
GENERATOR 



55 



DAC 



15 



-54 



FREQUENCY 
SYNTHESIZER 



CLK 



1.5MHz _ 16 
LPF 



REF 



18- 



38 — - 



20 



ATTEN. 



36" 



22 
/ 



TV 
CHANNEL 
BPF 



6.0MHz 
LPF 



34 
A. 



35 — 



DAC 



25 
( 

V 



■30 



SOURCE 
OF LOW 
PRIORITY 
DATA 



ENCODER 
32 



T PHASE 
FILTER 



T 



Q 



| CO SINE^ 



SINE/COS 
LOOK-UP 



"Q- PHASE 
FILTER 



SINE 



WIDEBAND 
QAM SIGNAL 



FIG. 3 



i 



ERROR^ 



VCO 
AND 
LPF 



Z 



114 



SINE 



LPF 



112 
REF 



FREQUENCY 
SYNTHESIZER 

1 

135 



ADC 



116 



NONLINEAR 
AMPLITUDE 

SIGNAL 
GENERATOR 



133 



128 



COSINE 120 
1 I ( 



DEMOD. 



118 L 



ADAPTIVE 
EQUALIZER 



I 



124 



L 



ERROR 
DETECTOR 



Q 



ESTIMATOR 



"7" 

126 



SYSTEM 
CLOCK 
GENERATOR 



CLK/4- 
(3.84MHz) 



130 



Q 



122^ 



DEC00ER 



+ 4 



J 



126 



137^ 



138 



0 
DET. 



LPF 



DIRECT 
DIGITAL 
FREQUENCY 
SYNTHESIZER 



+ 16 



119 



129' 



DEMOD. 


Q 


t t 




VCO 




AND 




LPF 





^139 

CLK / 
(15.36MHz) 



— 136 



HIGH 
PRIORITY 

DATA 
OUTPUT 



127 



ADAPTIVE 
EQUALIZER 



T 



121 



Q 



ESTIMATOR 



ERROR 
DETECTOR 



123 



7 



ERROR— ^ 



125 



DECODER 



LOW 
PRIORITY 

DATA 
OUTPUT 



FIG. 4 



140' 



142" 



SIGNAL 
PROCESSOR 



AUDIO 



144 



AUDIO 
SIGNAL 
PROCESSOR 



VIDEO 



VIDEO 
SIGNAL 







r 




r 




SOUND 




IMAGE 


146- — - 


REPRODUCING 




DISPLAY 




DEVICE 




DEVICE 



148^ 



WO 92/14343 




PCT/US9 1/09823 



4/4 



90° (Q) 



1011 
• 


1001 
• 


1110 
• 


1111 

• 


1010 
■ • 


1000 
« 


1100 
• 


1101 
• 


• 

0001 


• 

0000 


• 

0100 


• 

0110 


• 

0011 


• 

0010 


• 

0101 


• 

0111 



o°(i) 



270° 

BIT ASSIGNMENT FOR 16-LEVEL QAM SIGNAL CONSTELLATION 



FIG. 5 



I. CLASSIFICATION OF SUDJECyg^TKR (If several clarification jymbol* apply, indicate all) 6 ^^ 


According (o International Patent C^^Ktton (IPC) or to both National Classification and IPC 

Int. CI. 5 ~4 N 11/00 H 04 N 7/08 


11. HELUS bLAKCHLU " " 


Minimum Documentation Searched 7 


Classiflcai 


ion System 


Classification Symbols 


Int. CI. 5 


H 04 N 


DocumentailoD Searched other that. Minimum Documentation 
to the Extent that such Documents are Included In the Fields Searched* 




OJ. DOCUi 


V1ENTS CONSIDERED TO BE REUEVANT 9 


Category • 


Citation of Document, 11 with Indication, where appropriate, of the relevant passages 12 


Relevant to Claim No. u 


X 

A 

X 
A 


EP,A,0279625 (BRITISH BROADCASTING 

CORP.) 24 August 1988, see column 3, line 49 - 

ml limn f\ "lino 1 Q 

i uniii o , line j.o 
EP,A t 0361564 (N.V. PHILIPS 1 

GL0EI LAMPENFABRI EKEN ) 4 April 1990, see column 2, 
v lines 17-55; column 6, lines 22-39 
\ 


1,3,5-7 

,12,14, 

15,18, 

23,24 

9-11,20 

-22,25, 

27-29 

1-3,6,7 
,12,14, 
18 

9-11,13 
,17,20, 
21,23- 
25 


° SpedaJ categories of cited document 5 : 10 

*A* document defining the general state of the art which Is not 
considered to be erf particular relevance 

T* earlier document but published on or after the International 
filing date 

*L* document which may throw doubts on priority daim(s) or 
which is dted to establish the publication date of another 
citation or other special reason (as specified) 

'O* document referring to an oral disclosure, use, exhibition or 
other means 

*P~ document published prior to the International filing date but 
later than the priority date daimed 


*T* later document published after the IntemationaJ filing date 
or prioriry date and not In conflict with the application but 
dted to understand the prindple or theory underlying the 
Invention 

TC" document of particular relevance; the daimed Invention 
cannot be considered novd or cannot be considered to 
involve an Inventive step 

document of particular relevance; the daimed Invention 
cannot be considered to Involve an inventive step when the 
document Is combined with one or more other such docu- 
ments, such combination being obvious to a. person skilled 
In the art. 

"A* document member of the same patent family 


IV. CERTIFICATION 


Date of the Actual Completion of the International Search 

15-05-1992 


Date of Mailing of this International Search Report 

16 JUN 1992 


International Searching Authority 

EUROPEAN PATENT OFFICE 


Signature of Authorized Officer I) 

Mme RKUlPER J^J&Sp^ 



Form PCT/ISA72IO ikd) (J*aury 1915) 



Ut. DOCUMENTS CONSIDERED TO 



Category ° 



Citation of Do 



SB 



.LEVANT 



(CONTINUED FROM THE SECOND SH 



with Indication, nhere appropriate, of the relevant pusag 



EP, A, 0364285 (MASSACHUSSETTS 
INSTITUTE OF TECHNOLOGY) 18 April 1990, see 
column 3, line 4-0 - column 4, line 30; column 
line 51 - column 8, line 30; column 9, lines 
34-41; column 11, lines 48-58 



7, 



IEEE Transactions on Consumer Electronics, vol. 
36, no. 3, August 1990, IEEE, (New York, US), W. 
BRETL et al.: "Video encoding in the 
spectrum-compatible HDTV system 11 , pages 172-176, 
see figure 2; page 175, left-hand column, lines 
26-50 

Proceedings of the Third International Workshop 
on HDTV, l, Signal Processing of HDTV, II", CSELT, 
Turin, 30 August - 1 September 1989, S.N. BARON 
et al.: "An evolutionary approach to advanced 
television services: The ACTV (advanced 
compatible television) system", pages 195-211, 
see page 203,' lines 38-48 



Relevant to Claim No. 



2,4,8- 
13,17 



1,2,9- 
11 



Tor* PCT/ISA/210 (extra lkd| (Janary l«J) 



ANNE]jgK) THE INTERNATIONAL SEARCH UKORT 
ON IN^lNATIONAL PATENT APPLICATION^. us 91Q9823 

SA 56509 



This annex lists the patent family members relating to the patent documents cited in the above-mentioned international search report 
The members are as contained in the European Patent Office EDP file on 11/06/92 

The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information 



Patent document 
cited in search report 



Publication 
date 



EP-A- 0279625 



24-08-88 



Patent family 
member(s) 



Publication 
date 



GB-A- 
JP-A- 



2202416 
63283291 



21-09-88 
21-11-88 



EP-A- 


0361564 


04-04-90 


US-A- 
JP-A- 


4984067 
2107083 


08-01-91 
19-04-90 


EP-A- 


0364285 


18-04-90 


US-A- 
JP-A- 


5040211 
2186785 


13-08-91 
23-07-90 



For more details about this annex : see Official JoumaJ of the European Patent Office, No. 12/82 



